INTRODUCTION
Skin aging arises from the combination of intrinsic chronological aging and photoaging extrinsic aging . Skin photoaging is due to chronic UV exposure. UV radiation comprises wavelengths from 200-400 nm, and is further divided into 3 sections: UVA 320-400 nm , UVB 280-320 nm , and UVC 200-280 nm . The ozone layer effectively blocks the UVC from reaching the Earth s surface. Both UVA and UVB radiation reach the Earth s surface in amounts sufficient to cause significant biological consequences to the skin 1 . Although UVA is supposed to be weakly carcinogenic compared to UVB, UVA is the predominant component of the solar UV radiation to which we are exposed, and plays a substantial role in photoaging 2 .
Furthermore, UVA is able to penetrate the dermis of the skin, resulting in damage to the dermal collagen and elastin, while UVB affects only the epidermis. Clinical symptoms of photoaging include dryness roughness , irregular pigmentation freckling, fl at patches of increased pigmentation, and persistent hyperpigmentation , wrinkling, elastosis fi ne nodularity or coarseness , and telangiectasia dilation of preexisting blood vessels creating small focal red lesions 1 .
Sphingolipids are known to play an important role in water retention and in maintaining the epidermal water per-meability barrier function in the mammalian stratum corneum. Glucosylceramide GluCer is a major sphingolipid contained in foodstuff from plant sources, including rice and corn 3 5 . In maize GluCer, 4t,8c-sphingadienine d18:2 4t,8c is the predominant sphingoid base, which is distinct from those of mammals, such as sphingosine d18:1 4t 6 .
Tsuji et al. reported that oral administration of maize GluCer concentrate improved the epidermal function of mice with induced barrier disruption 7 . However, we have previously reported that dietary maize GluCer was only slightly absorbed by the rat intestine 8, 9 . It appears that plant sphingolipids are barely re-utilized in skin, and the mechanism underlying the improving effect of dietary plant sphingolipids on skin barrier functions is still unclear. On the other hand, topical sphingolipids are expected to contribute directly to skin function. Our study was conducted to examine the effects of topical application of maize GluCer on wrinkle formation and epidermal thickness in long-term UVA-irradiated hairless mice 10 . Our results indicate that topical GluCer can prevent skin photoaging caused by UVA exposure in mice.
NOTE
Abstract: We investigated the effect of topical application of the glucosylceramide prepared from maize on photoaged mice. Six-week-old hairless female mice were swabbed on the back with glucosylceramide solution or vehicle, following UVA irradiation for 9 weeks. Wrinkle formation was evaluated at 3, 6, and 9 weeks by skin replica analysis by using a three-dimensional (3-D) imaging system. Moreover, epidermal thickness was analyzed at the end of the experiment. Topical application of glucosylceramide signifi cantly reduced UVA-induced wrinkle formation in the skin as well as epidermal hypertrophy. These results suggest that topical glucosylceramide has an inhibitory effect on UVA-induced photoaging.
Key words: epidermis, glucosylceramide, photoaging, sphingolipids, wrinkling
EXPERIMENTAL PROCEDURES

Materials
Maize GluCer was kindly donated by Nippon Flour Mills Co. Ltd. Atsugi, Japan , and its purity was 96 , as determined by HPLC equipped with an evaporative light-scattering detector, as described previously 4 . The composition of the sphingoid bases in maize GluCer was determined by oxidation with sodium periodate and subsequent gas liquid chromatography of the resulting fatty aldehydes 3 . The principal constituent sphingoid bases were 54.9 4t,8c-sphingadienine d18:2 4t,8c , 11.2 4t,8t-sphingadienine d18:2 4t,8t , 9.2 4-hydroxy-8c-sphingenine t18:1 8c , 4.4
4-hydroxy-8t-sphingenine t18:1 8t , together with smaller amounts of other bases. o-Phthalaldehyde OPA was purchased from Wako Pure Chemical Industries Osaka, Japan . The other chemicals and solvents were of reagent grade.
Animals
Female hairless 6-week-old Hos:HR-1 mice were purchased from Hoshino Laboratory Animals Ibaragi, Japan . They were housed at 24 1 with a 12-h light:dark cycle. They were provided with free access to standard chow Oriental Yeast, Tokyo, Japan and water during the study. The mice were treated according to the guidelines of the Animal Research Committee, Kyoto University. After acclimatization, they were divided into 4 groups n 7 9 : normal, control, 0.01 GluCer, and 0.1 GluCer. The mice in the control group were treated with 70 μL of the vehicle propylene glycol/EtOH/water, 3:2:5 , which was applied to the dorsal skin 1 h before irradiation. In the 0.01 and the 0.1 GluCer groups, 0.01 and 0.1 maize GluCer in the vehicle solution, respectively, was applied in a similar manner. No topical application or irradiation was performed in the normal group. The experimental protocol was approved by Kyoto University animal committee.
Radiation and schedules
The UV source was a bank of 2 UV BLB lamps 15W, maximum emission intensity at 365 nm; UVP, Upland, CA USA . The distance from the lamps to the mice was approximately 18 cm, and air circulation was maintained using fans. Irradiation was carried out in an air-conditioned room, so that the temperature in the cage was maintained at 23 26 . A dose of 20 J/cm 2 was given 5 times weekly for 9 weeks, yielding a total dose of 900 J/cm 2 UVA. UV strength was measured at 365 nm with a UV radiometer VLX-3W; Cosmo Bio, Tokyo, Japan .
Evaluation of wrinkle formation in the dorsal skin
The dorsal skin of the mice was replicated using a silicone polymer Asahi Biomed, Yokohama, Japan under isoflurane anesthesia. Images of the skin replica were then analyzed using skin wrinkle analysis software Asahi Biomed . The parameters used in the assessment of skin wrinkles were wrinkle volume ratio, average depth of wrinkles, and total number of wrinkles.
Skin sectioning and observation
At the end of the 9-week-long experimental period, mice were sacrifi ced by cervical dislocation under isofl urane anesthesia. Dorsal skin specimens were freshly collected and fi xed in 10 neutral buffered formalin for hematoxylin and eosin staining. Observation of skin epidermis was conducted with a Biorevo all-in-one fluorescence microscope BZ-9000; Keyence, Osaka, Japan , and epidermal thickness was measured using BZ-II analysis application software Keyence .
HPLC analysis of sphingoid bases in the epidermis
To separate skin epidermis from the dermis, the mouse dorsal skin was reacted with 2.5 U/mL Dispase® II neutral protease, grade II; Roche, Indianapolis, IN, USA in Hank s balanced salt solution Nacalai Tesque, Kyoto, Japan overnight at 4 . Lipids were extracted from each epidermis sample by the method of Bligh-Dyer 11 . After evaporation of the collected chloroform phase, the residue was saponified with 0.4 M KOH in methanol at 37 for 1 h to remove the glycerolipids 12 . The alkali-stable fraction was then recovered with chloroform and washed with water. The chloroform phase was evaporated to dryness, followed by acid hydrolysis 13 . The dry pellet was then degraded with aqueous methanolic 1 M HCl for 18 h at 80 , and then subjected to HPLC analysis to quantify the total sphingoid base fraction. The OPA derivatives of the sphingoid bases were analyzed by a reverse-phase HPLC system equipped with a fluorescence detector 14 . The HPLC system consisted of an LC-20AT pump and an RF-10AXL fl uorescence detector Shimadzu, Kyoto, Japan . Separation of sphingoid bases was achieved on a Cosmosil 5C18-MS-II Nacalai Tesque , 4.6 250 mm column at 40 . The mobile phase consisted of A acetonitrile and B water with a fl ow rate of 1.0 mL/min; time min / B 0/45, 15/20, and 40/0. The OPA derivatives were detected with an excitation wavelength of 334 nm and an emission wavelength of 440 nm. It was necessary to re-equilibrate the column with the starting solvent mixture for 10 min prior to each subsequent injection.
Statistical analysis
Data are presented as means SD. Signifi cance was analyzed by the Scheffe test. Differences were considered signifi cant when P 0.05.
RESULTS AND DISCUSSION
To compare wrinkle formation between the groups, skin replicas taken at 3, 6, and 9 weeks were photographed and analyzed using computer software. Figure 1A shows enlarged images of skin replicas from representative mice in each group after 9 weeks. The replica from the normal group shows healthy skin with follicles and no wrinkles. In contrast, deep coarse wrinkles were formed in the control group Fig. 1A . Wrinkle formation was analyzed using 3 different parameters: wrinkle volume ratio, average depth of wrinkles, and number of wrinkles. In both the topical GluCer groups 0.01 and 0.1 at 9 weeks, wrinkle formation was signifi cantly reduced compared to the photoaged control group Fig. 1B and C . At the end of the experimental period, the dorsal skin of the mice was collected, and the samples were sectioned and stained with hematoxylin and eosin. In Fig. 2A , a layer of deep red or purple color on the skin surface indicates the epidermis. Under a light microscope, the thickness of the epidermis was measured at 10 different sites, and the average value was calculated. In the control group, thickened epidermis, which is a typical symptom of photoaged skin, was observed Fig. 2B . When topical GluCer was applied at a concentration of either 0.01 or 0.1 following UVA irradiation, the thickness of the epidermis was signifi cantly reduced than in the controls Fig. 2B .
Fewer wrinkles were observed in both the 0.01 and the 0.1 GluCer groups; no concentration-dependent effect was observed in this study. This indicates that a small amount of topical GluCer is enough to inhibit skin photoaging. In our previous study, maize GluCer was only slightly absorbed by the intestine in rats 8, 9 . In light of this fi nding, we investigated whether the topical GluCer was absorbed into the skin of the mice in this study. Sphingoid bases, which were obtained by acid hydrolysis of total lipid from the mouse epidermis and derivatized with OPA, were analyzed using a reverse-phase HPLC system equipped with a fl uorescence detector. We were unable to observe a peak of 4t,8c-sphingadienine d18:2 4t,8c , which is the predominant sphingoid base contained in maize GluCer Fig. 3 . Based on this result, topically applied maize GluCer was found not to be absorbed into the skin of the mice. The primary mechanism by which UV exposure initiates molecular responses in the skin is the photochronical generation of reactive oxygen species ROS 15 . ROS can cause structural and functional alterations of the extracellular matrix, which may contribute to photoaging. It is possible that topical application of glucosylceramide prevents the generation of the ROS resulting from UV exposure of the skin surface. In addition, we recently confi rmed that gluco- sylceramide reduces the 2,4-dinitrofl uorobenzene-induced inflammatory response in mice 16 . The anti-inflammatory effect of glucosylceramide might, therefore, partly contribute to the prevention of photoaging, because it is well established that UV irradiation induces various infl ammatory genes, including interleukin-1 and tumor necrosis factor α, in skin 17 . Hence, further studies are underway to clarify the mechanism by which maize GluCer exerts its anti-photoaging effects.
In conclusion, this is the fi rst study to determine the effects of topical application of maize GluCer on UVA-irradiated mouse skin. We found that topical supplementation of GluCer inhibited wrinkle formation and epidermis thickening in photoaged skin. Maize GluCer could, therefore, be a natural and eco-friendly agent to protect skin from photoaging. ), (B) Epidermis of control group, and (C) Epidermis of 0.1% GluCer group.
